C-Glycosylflavonoids are a group of compounds widespread in nature which have gained much interest due to their biological properties. This review focuses on the research of the last ten years concerning detection and structural characterization of C-glycosylflavonoids, their bioactivities and synthesis.
Flavonoids occur widely in nature and usually possess a chromene-type skeleton with a phenyl group in either position C-2 or C-3 ( Figure 1 ). They are also present as O-glycosides and, less frequently, as C-glycosylflavonoids, in which the bond is established between the anomeric carbon of the sugar and a carbon of the flavonoid, usually C-6 or C-8. C-glycosylflavonoids are not rare, more than 300 being known by 1999 [1] . Flavonoids have been extensively studied during the last decades [2] [3] [4] [5] [6] and their bioactivities make them promising compounds for human nutrition and health. The limited natural sources and the unique structural features of C-glycosylflavonoids have motivated organic chemists to develop synthetic approaches leading to such bioactive molecules. Thus, we present herein the latest findings on C-glycosylflavonoids, including their synthesis. This review summarizes the research on bioactive compounds of this type, over the last ten years.
C-glycosylflavonoids can be classified as mono-C-glycosylflavonoids, di-C-glycosylflavonoids, C-glycosyl-O-glycosylflavonoids and acyl-Cglycosylflavonoids [1] , examples of which and their natural occurrence are presented in Table 1 . The IUPAC names of flavonoids are derived from "flavan" or "isoflavan" in the present review, but common names are used for C-glycosylflavonoids to avoid long and unwieldy names. The use of "C-glycosylflavonoid" instead of "flavonoid C-glycoside" is based on the IUPAC recommendations to name these compounds using the appropriate 'glycosyl-' prefixes and avoiding 'C-glycoside' terminology [7] . IUPAC and common names, as well as the substitution pattern of flavonoids, are given in Table 2 . In order to facilitate understanding of C-glycosylflavonoid nomenclature, the structures of these compounds are shown in Table  3 , with the numbering system used and two typical examples (structures of compounds 36 and 37) depicted in Figure 2 .
The most common flavonoids to occur as C-glycosylcompounds are flavones, although isoflavones, flavonols, flavanones and chalcones are also known ( Figure 1 , Tables 1-3 ). The range of sugars involved includes D-glucose, by far the most common one, although D-galactose, L-rhamnose, D-xylose and L-arabinose are also common ( Figure 1 ). In addition, some unusual sugar residues are encountered, namely the deoxy sugar moieties in compounds 1, 20, 30 and 33. Recently a complex C-glycosylflavone possessing an anthocyanin moiety in its structure was reported (compound 70, Figure 2 ), which was isolated from the leaves of Oxalis triangularis [8] . C-Glycosylflavones also act as natural copigments of anthocyanins, for example the blue color of the marguerite daisy (Fellicia amelloides) petals has been found to arise from copigmentation between an anthocyanin and compound 65 [9] .
An important feature of the distribution of flavonoids in plants is the strong tendency for taxonomically related plants to produce similar types of flavonoids [3] . The presence of C-glycosylflavonoids in some genera and plant species can be of chemotaxonomic significance. For example, 2''-O-glucopyranosylvitexin (59) was reported as a viable chemotaxonomic marker of the genus Cryptocoryne (Araceae) [10] and of Podocarpus spp. [11] .
C-glycosylflavonoids were also identified in chemotaxonomic studies of the following genera: Ocimum [12] , Cotoneaster [13] , Asplenium [14] Huberia [15] , Asarum [16] , Genista [17] , Abrus [18] and Fortunella, with the accumulation of 3',5'-di-Cβ-D-glucopyranosylphloretin (19) , being a generic trait of this genus [19] . However, in this review, emphasis will be given to other relevant aspects such as the updated analytical techniques for flavonoid identification, as well as bioactivities and synthesis.
Separation and identification
Separation and analysis of C-glycosylflavonoids from crude extracts continues to be performed by classical techniques such as mono-and bi-dimensional paper chromatography (1D-and 2D-PC) [12, 14, 15] , analytical and preparative thin layer chromatography (TLC and PTLC), low and medium pressure column chromatography (CC) [21] , as well as by paper electrophoresis (PE) [55] , capillary zone electrophoresis (CZE) [24, 29] and high-speed counter-current chromatography [30] . Recently, analytical separation and detection methods for flavonoids have been reviewed [58] . The identification of isolated compounds can be achieved by the combination of spectroscopic methods such as mass spectrometry (MS), nuclear magnetic resonance (NMR), ultraviolet-visible (UV-Vis), infrared (IR) spectroscopy and by determination of physical data such as melting points and optical rotations as shown, for example, in references 18,30,33,50,51,54,59. Table 1 : Natural occurrence of C-glycosylflavonoids (covering data reported in the last ten years).
Source

C-Glycosylflavonoid
Plant species Plant part Plant family Ref. 
Mono-6-C-glycosylflavonoids
Drymaria diandra Whole plant Caryophyllaceae [43] Carlinoside (6-C-β-D-Glucopyranosyl-8-C-α-L-arabinopyranosylluteolin) (21) Hordeum vulgare Leaves Poaceae [53] 6-C-β-D-Glucopyranosyl-8-C-β-D-apiofuranosylapigenin (22) Xanthosoma violaceum Leaves Araceae [32] Isocarlinoside (6-C-α-L-arabinopyranosyl-8-C-β-D-glucopyranosylluteolin) ( 
Glinus lotoides
Fruits Molluginaceae [48] Violanthin (6-C-β-D-glucopyranosyl-8-C-α-L-rhamnopyranosylapigenin) (29) Viola arvensis Aerial parts Violaceae [49] Violarvensin (6-C-β-D-glucopyranosyl-8-C-β-D-6-deoxygulopyranosylapigenin) (30) Viola arvensis Aerial parts Violaceae [49] 
Viola yedoensis Whole plant Violaceae [27] C-Glycosyl-O-glycosylflavonoids
Gentiana piasezkii Whole plant Gentianaceae [23] Acyl-C-glycosylflavonoids (37) Hordeum vulgare Piper methysticum
Felicia amelloides Petals Asteraceae
Scleranthus uncinatus Whole plant Caryophyllaceae [51] The use of HPLC in combination with spectroscopic techniques such as UV, MS and NMR [60] has become routine in most phytochemical laboratories. The high sensitivity, reproducibility and easy quantification of metabolites in crude extracts, made these hyphenated techniques a method of choice over other chromatographic procedures. HPLC-UV analysis has been extensively used after the introduction of the diode array detector (DAD), since UV-Vis spectra can be readily obtained in the same sample injection, without using stoppedflow techniques. An example is the quantitative
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Natural Product Communications Vol. 2 (11) 2007 1179 determination of vicenin-2 (28) and 2''-Oglucopyranosylvitexin (59) in Glinus lutoides seeds extracts, used in traditional medicine and in tablet formulation for the treatment of tape worm infection [48] . Furthermore, a post-column addition of shift reagents [36] provides more precise structural information about flavonoids (oxidation patterns, position of free phenolic and methoxyl groups, position of the sugar moieties). This on-line UV technique derives from the classical application of reagents to induce characteristic shifts of the absortion maxima in the UV spectra of flavonoids [2, 3] .
HPLC-MS analysis allows the identification of compounds according to their molecular weight. Its ability to detect ions with a specific mass-to-charge (m/z) ratio makes MS invaluable for the analysis of complex mixtures, since, generally, electrospray ionization mass spectrometry (ESI-MS) provides a mass spectrum with little or no fragmentation. Currently, LC-MS using ESI, FAB 1180 Natural Product Communications Vol. 2 (11) 2007 Rauter et al. (Table 1 ) present in sugar cane (Saccharum officinarum) complex extracts [36] , and of a C-glycosylapigenin in the fruit of date palm (Phoenix dactylifera) [46] . Profiling and quantification of isoflavonoids in Kudzu (Pueraria sp.) dietary supplements, which include puerarin (13) as one of the major components responsible for their therapeutical properties, was also successfully achieved by this method [61] . Recently, C-glycosylisoflavones were detected and tentatively identified by HPLC-MS/MS analysis of methanol extracts of Pueraria lobata leaf tissues, callus, suspension and root cultures aiming at developing an experimental system in which puerarin could be synthesized in vitro [40] . The quantification of puerarin in human plasma was also conducted using HPLC in combination with solid phase extraction (SPE) and LC-ESI-MS experiments [62] .
Capillary electrophoresis-mass spectrometry (CE-MS) is another analytical method reported in the literature for the separation and identification of the C-/O-glycosylflavonoid composition, namely that of a Genista tenera extract [63] . MALDI-TOF-MS was also used for the study of the C-glycosylflavonoids 37, 43 and 44 isolated by HPLC from the leaves of barley (Hordeum vulgare) [53] .
MS/MS of C-glycosylflavonoids is also a powerful method to differentiate 1→2 and 1→6 glycose linking in disaccharides [58] , and has been used to distinguish 6-C-and 8-C-glycosylflavones by comparing spectra of particular fragments [64] [65] [66] . The study of isoorientin (2), orientin (12) and vitexin (14) has also been carried out using ESI-MS/MS at high mass accuracy [67] . In conclusion, mass spectrometry has proven to be a very powerful technique in the analysis of C-glycosylflavonoids, owing to its high sensitivity and the possibility of coupling with different chromatographic techniques and especially with LC, because it allows both qualitative and quantitative determinations. Structural information can be obtained on the flavonoid moiety, the types of carbohydrates or other substituents present, the stereochemical structure of terminal monosaccharide units, the sequence of the sugar units, interglycosidic linkages and attachment points of the substituents to the flavonoid [68] . However the structure of the 8-C-β-D-glucopyranosylgenistein (11), a major constituent of the ethyl acetate extract of Genista tenera, could not be unambiguously assigned only by HPLC-DAD-ESI-MS-MS. The final structure was elucidated by means of twodimensional nuclear magnetic resonance (2D-NMR) and J-resolved spectra of the mixture [37] . This is one of the first successful examples of the application of NMR to the structure characterization of a C-glycosylflavonoid present in a mixture. However NMR has been largely employed for the structure elucidation of flavonoids, in particular of C-glycosylflavonoids after their successful isolation from the crude mixture. Information about the nature and position of glycosyl groups and type of linkage in complex glycosides has been provided by this spectroscopic tool. The 2D-NMR techniques such as COSY, HMQC, HSQC, HMBC, NOESY, and less frequently TOCSY have allowed the unambiguous identification of a variety of C-glycosylflavonoids [8] [9] [10] 19, 20, 22, 27, [31] [32] [33] 38, 43, 44, 49, 51, 53, 54, 69, 70] .
Biological Activity
A wide range of biological properties were attributed to C-glycosylflavonoids, the pharmacological profile of which is quite different from that of the corresponding O-glycosides and aglycones, since the C-C bond linking the sugar to the flavonoid is not cleaved under normal physiological conditions [69] . Hence, they have better bioavailability than the O-glycosides, which are hydrolysed to aglycone and sugar under acid conditions. As can be observed in Table 4 , the antioxidant effect of C-glycosylflavonoids is well documented. Their activity as free radical scavengers in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay is frequently reported. For the 6-C-glycosylflavones 2, 6, 7, and 53, isolated from garlic mustard (Alliaria petiolata), the IC 50 values were of the same order of magnitude as that of trolox, a well-known antioxidant. In addition, they were tested in the brine shrimp lethality assay, an effective and rapid assay to screen compounds for potential cytotoxicity. The high LD 50 values obtained, when compared to that of the control used, indicated a very low general toxicity for these compounds [28] . In addition to the DPPH radical scavenging activity exhibited by 6,4'-di-Cglycosylflavone 20, this compound also inhibited significantly the induced superoxide anion generation from human neutrophils, which are extensively involved in inflammatory processes [43] . Scavenging of the superoxide anion generated by xanthine oxidase and inhibition of lipoperoxidation were also evaluated for compounds 2, 3, 7, 12 and 62 isolated from lemongrass (Cymbopogon citratus) [25] , which infusion has widespread use in folk medicine to treat inflammation, diabetes and nervous disorders. Isoorientin (2) and orientin (12) presented both similar activities either towards the DPPH assay or the inhibition of lipid peroxidation. The sugar position at C-6 or C-8 did not influence any of the activities, which were higher than those of the diglycosyl derivative 62. The 6-C-glycosylflavonoids isoorientin (2) and isoscoparin (3) presented the best superoxide anion scavenger activity. The presence of a diglycosyl moiety at C-6, methoxylation at C-7 or a glycosyl group at C-8 reduced the superoxide anion scavenger effect. No cytotoxic effect of the compounds was assessed on cell lines derived from human lung at doses up to 1 mM, supporting the beneficial properties of lemongrass tea and soft drinks [25] . More recently, isoorientin (2) and 2''-Oα-L-rhamnopyranosylisoorientin (62) also showed strong cytoprotective effects against t-BOOHinduced oxidative damage in HepG2 cells, at very low concentrations [21] . The free radical scavenging properties of Xanthosomona violaceum extracts also seem to be correlated with the structure of the Cglycosylflavones, which are the apigenin derivatives 4, 14, 22, 28 and 64 [32] .
The 8-C-glucosylisoflavones 8 and 11 have important bioactivities, which are different from those of the corresponding isoflavones that show biological activities analogous to the female hormone estrogen [71] . The glucosylgenistein 11 inhibits HOClinduced damage to human erythrocytes [92] and would be expected to be useful as an antioxidant and a radioprotective agent, since it prevents the destruction of cytochrome P-450 in a dosedependent manner and exerts a protective effect against gamma irradiation in rats [72] . On the other hand, the glucosylorobol 8 was investigated regarding its potential immunomodulating effect. Both the strong mitogenic activity and the induction of colony-stimulating factor (CSF) suggest that it might act on the hematopoietic system [35] . Among the C-glycosylisoflavones, puerarin (13) is one of the
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Natural Product Communications Vol. 2 (11) 2007 1187 [25] Swertisin (6) [28] Swertiajaponin (7) [25,28] 8-C-β-D-Glucosylgenistein (11) [72,92] Orientin (12) [25] Puerarin (13) [73,74] Diandraflavone (20) [43] 6-C-β-D-Xylopyranosyl-8-C-β-Dglucopyranosylapigenin (31) [21] 7-O-Feruloylorientin (41) [23] Dulcinoside (52) [57] 2´´-β-D-Glucopyranosylisoscoparin (53) [28] 2´´-O-α-L-Rhamnosylisoorientin (62) [21, 25] Hypoglycaemic Antihyperglycaemic
Isoorientin (2) Puerarin (13) [26,77] Isovitexin (4) Puerarin (13) [90] [87] most studied compounds for its effects on hyperglycaemic, cardiovascular and neurological diseases. Its antioxidant activity has been evaluated using the Briggs-Rauscher reaction [73] and the DPPH assay [73, 74] . The radical scavenger efficiency of its OH-4' group was found to be more effective by a factor of 2 than that of its OH-7 group [75] . In addition, puerarin was reported to protect neurons from oxidative stress, a property that may be determinant for its potential use against Alzheimer's disease [76] .
The antioxidant properties of flavonoids are related to their potential to prevent disorders associated with oxidative stress caused by free radicals and other reactive oxygen species. Hyperglycaemia results in the generation of free radicals, which may lead to disruption of cellular functions, oxidative damage to cell membranes and enhanced susceptibility to lipid peroxidation. The significant hypoglycaemic activity of isoorientin (2) [77] may be related to its potent inhibitory effect on lipid peroxidation. The presence of the chemically stable sugar moiety may facilitate the transport and accummulation of the molecule in pancreas β-cells and restore or prevent further oxidative dammage due to its potent antioxidant activity [26] . This 8-C-glycosylflavone also prevented hyperlipidemia, an important risk factor in diabetics for many diseases, particularly cardiovascular disorders [26] . The antihyperglycaemic effect of puerarin (13) in streptozotocin-induced diabetic rats has also been reported [78] .
Some diabetic complications arise when reducing sugars, such as glucose, react nonenzymatically with the amino groups of proteins, nucleic acids, and lipids forming Schiff's bases and Amadori products in a process known as glycation which leads to the formation of AGE (advanced glycation end products) [20] . A potent glycation inhibitory activity was exhibited by puerarin (13) [39] and by the 6-Cdeoxyglycosylflavones isolated from the style of Zea mays L., which is known as "corn silk" and used in folk medicine for diuretic treatment [20, 50] .
Hypercholesterolemia is a dominant risk factor for the development and progression of atherosclerosis and cardiovascular diseases. Puerarin (13) has been reported to have atheroscleroprotective potential and hypocholesterolemic function [79] . In addition, its effect on vascular relaxation was also investigated [80] .
Hepatoprotective effects of C-glycosylflavonoids were also reported. Isoschaftoside (24) , isolated from green tea, suppressed the D-galactosamine-induced increase of plasma alanine aminotransferase and aspartate aminotransferase activities in rats, indicating that these compounds had a liver injurysuppressing effect [44] . Vitexin (14) , isolated from the methanol extract of Combretum quadrangulare leaves [41] , and puerarin (13) [81] also showed hepatoprotective properties. The latter compound could reverse alcohol induced liver fibrosis in experimental rats via recovery of hepatic injury [82] .
Puerarin may also act as a chemopreventive and/or chemotherapeutic agent in colon cancer cells by reducing cell viability and inducing apoptosis [83] . The sugar-fused C-glycosylflavones 104 and 105 (Scheme 3) exhibited anti-inflammatory activity, based on the suppression of contact hypersensitivity in mice induced by treatment with 2,4-dinitrofluorobenzene, indicating that 104 is c.a. 1000 times stronger than dexamethasone, a conventionally used anti-inflammatory drug [84, 85] .
Puerarin (13) was identified as the major component of kudzu extract responsible for the suppression of alcohol drinking [62, 86] ; it reduces the anxiogenic effects of alcohol withdrawal as a weak benzodiazepine site antagonist [87] . This C-glycosylisoflavone can cross the blood-brain barrier as evidenced by its presence in the brain tissues of puerarin treated rats [88] which supports the concept that it works on the central nervous system [62] . In addition, its hypothermic and antipyretic effects acting through brain serotonergic mechanisms have been described [89] . Anxiolytic and sedative-like properties were described for the aqueous fraction of a methanol extract from the leaves of Passiflora actinia, which contained isovitexin (4) [90] . A significant sedative activity was also reported for swertisin (6) and spinosin (61) [31] . Although antimicrobial activities are not extensively reported for this group of compounds, the antibacterial activity against Citrobacter ferundii was exhibited by the 6-C-glycosylflavone 53 [28] and antiviral properties were attributed to the 8-C-glycosylflavone 48 which showed a moderate activity against influenza virus A [56] . Apart from the above described C-glycosylflavonoid bioactivities of potential interest to human nutrition and health, a role for these compounds in plant defense has been described in oats (Avena sativa). Plant invasion with the nematodes Heterodera avenae and Pratylencus neglectus induced the production of a C-deoxyhexosyl-O-hexosyl-Omethylapigenin which provided protection against these major cereal nematodes [91] .
Synthesis
Synthesis of the active principles extracted from natural sources is quite often the next step after their isolation and identification. Exploring the synthetic access to natural products-based drugs is important because either the natural resources are limited or new lead structures with better properties can be obtained by decorating the unique natural scaffolds with suitable functional groups.
Flavonoids are promising raw materials for the synthesis of compounds derived from a chromenetype skeleton, with various substitution patterns. C-glycosylation of flavonoids. Eade and co-workers reported the total synthesis of the 8-Cglucosylflavones 71 [93] and 72 (Figure 3) , where the C-glycosylation step was performed via a zinc oxidepromoted coupling using peracetyl glucosyl bromide as glycosyl donor [94] . For the synthesis of 7,4'-di-O-methylpuerarin (73) , thallium nitrate in methanol followed by treatment with acid or base were used to transform a chalcone precursor into the desired isoflavone [95] . Harborne and Mabry also made an important contribution to the development of the synthesis of this type of compound by studying the reactions of 5,7-hydroxyflavones with glycosyl bromides, which afforded C-glycosylflavones in one step [96] . Tschesche and Widera described the first synthesis of the 6-C-glycosylflavone 74 [97] , while Frick and Schmidt reported the preparation of 75 and 76 carrying out C-glycosylation by arylation of a protected glucose, in its acyclic carbonyl form, with a lithiated aromatic ring [98] . Schmidt and co-workers also described the synthesis of isovitexin (4), vitexin (14) and isoembigenin (77) (8-C-β-D-glucopyranosyl-5-hydroxy-7,4'-dimethoxy-flavone) using trichloroacetimidates as glycosyl donors and Fries-type rearrangement to convert O-glycosides into C-glycosyl derivatives, prior to the construction of the flavone system by application of a Baker-Venkataraman-type rearrangement [99] . New pathways to C-glycosylflavonoid involve the synthesis of 6-C-glycosylflavones, including sugarfused and 4'-O-glycosyl derivatives, 8-Cglycosylated flavones and isoflavones, and 6,8-di-Cglycosylflavonoids with chalcone-, flavanone-and flavone-type structures.
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Natural Product Communications Vol. 2 (11) 2007 1189 6-C-glycosylflavones: The total synthesis of isoorientin (2) was investigated by Kumazawa and co-workers [100] (Scheme 1) who succeeded in obtaining this compound in 15% overall yield, starting from the commercially available phloroacetophenone 78, which was first conveniently protected leading to the derivative 79. One of the crucial steps consists of the coupling of this moiety to the sugar. The method commonly used is the Friestype rearrangement which involves an O-to Cglycosyl migration. The glycosyl donor 2,3,4,6-tetra-O-benzyl-α-D-glucopyranosyl fluoride reacted with 79 in the presence of BF 3 ·Et 2 O to give an intermediate O-glycoside which rearranged to afford the C-glycosyl derivative 80 in good yield. Protection of the free OH and deprotection of the benzyl group afforded compound 81, which was subjected to aldol condensation with 3,4-bis(benzyloxy)benzaldehyde leading to the key intermediate chalcone 82. Its cyclization was accomplished using a method developed by Cavaleiro et al. [101] , in which the chalcone was oxidized in the presence of a catalytic amount of iodine in DMSO under reflux, followed by cleavage of the 2-methylbenzyl group, orthopositioned to the cinnamoyl moiety, affording 83. Hydrogenolysis with 10% palladium-on-charcoal under hydrogen atmosphere gave isoorentin (2).
6-C-Glycosyl-4'-O-glycosylflavones:
The first total synthesis of flavocommelin 92 was accomplished by Oyama and Kondo [102] in 8% overall yield, using the 5-hydroxy-7,4'-protected flavan 84 as starting material (Scheme 2). Its direct 6-C-glycosylation was accomplished by reaction with perbenzyl glucosyl fluoride in the presence of BF 3 Wang et al. [104] presented a similar approach for the synthesis of parkinsonin B starting with the coupling of 1-[2,4-bis(methoxy)-6hydroxyphenyl]ethanone to perbenzyl glucosyl trichloroacetimidate, followed by aldol condensation prior to the cyclization with iodine/DMSO, affording the benzyl protected Parkinsonin B 115, hydrogenolysis of which gave the target molecule 117 in 32% overall yield.
8-C-glycosylisoflavones: 8-C-Glucosylorobol (8)
and 8-C-glucosylgenistein (11) are bioactive naturally occurring glucosylisoflavones (Table 1) , the total syntheses of which were described by Sato et al. [105] . The synthetic strategy used for both isoflavones is very similar to those previously described for 8-C-glycosylflavones with the exception of the chalcone oxidative rearrangement, which was promoted by thallium ( for similar syntheses [106, 107] . Their subsequent acid-catalyzed cyclization gave the isoflavones 121 and 123 and their 5-O-debenzylated products 122 and 124, due to the acidic conditions used, obtained in 47% yield (121/122: 7/3) and 60% yield (123/124: 1/1), respectively (Scheme 5). The subsequent debenzylation of these compounds was conducted by hydrogenolysis with Pd(OH) 2 /C under hydrogen atmosphere leading to the target molecules 8 and 11 in 86%.and 94% yield, respectively.
Puerarin (13) is another natural occurring 8-Cglucosylisoflavone with a variety of promising bioactivities (Tables 1 and 4 ). Its synthesis was reported by Lee and co-workers in 10% overall yield [69] . The starting material was the benzyl protected glycopyranolactone 125, which reacted with the lithiated aromatic compound 126 (Scheme 6). Further dehydroxylation with triethylsilane (TESH) in the presence of BF 3 ·Et 2 O gave the β-anomer 127 in 56% yield. The benzyl groups were then cleaved by hydrogenolysis with Pd/C in methanol to afford the C-glucosyl derivative 128, acetylation of which was followed by Friedel-Crafts acylation, to give compound 130, with a free OH group resulting from the cleavage of the methoxy group ortho-positioned to the acyl group. After removal of the acetyl protecting groups, the chalcone 132 was obtained by condensation with p-methoxybenzaldehyde. Acetylation of the free OH in 132 was carried out prior to the oxidative rearrangement with TTN in methanol/trimethyl orthoformate, followed by acid catalyzed cyclization to give methylpuerarin 134 in 84% yield. Demethylation of this compound was tried using several reaction conditions and succeeded only with Me 3 SiI in acetonitrile under reflux for 5 days, converting 134 to puerarin (13) in 35% yield.
6,8-di-C-glycosylflavonoids:
The total synthesis of compounds 19, 138 and 140, the 6,8-di-C-β-Dglucopyranosyl derivatives of phloretin (dihydrochalcone), naringenin (flavanone) and apigenin (flavone), respectively, was reported by Sato et al. [108] . The methodology adopted starts with direct C-glycosylation of phloroacetophenone with unprotected D-glucose using water as solvent, an environmentally friendly medium, and scandium (III) trifluoromethanesulfonate as catalyst, affording the bis-C-glucosylderivative 136 [109] , aldol condensation of which with pbenzyloxybenzaldehyde in the presence of potassium hydroxide led to the chalcone 137 in 84% yield (Scheme 7). Hydrogenolysis in the presence of Pd/C in methanol led to deprotection of the benzyl groups and reduction of the cinnamoyl double bond giving the dihydrochalcone 19 in 95.7% yield. When 137 was treated with HCl-MeOH under reflux for 30 min, cyclization to a flavanone occurred, hydrogenolysis of which afforded 138 in quantitative yield. Its conversion to the 6,8-di-C-glucosylflavone was achieved by treating the acetyl protected derivative 139 with DDQ in chlorobenzene to afford the flavone acetate, deacetylation of which gave the target flavone 140 in 35% overall yield, while the di-Cglucosylphloretin 19 and the di-C-glucosylnaringenin 138 were synthesized in 52.3% and 53.5% overall yield, respectively.
